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928Ultrastructural evaluation of human metaphase II
oocytes after vitrification: closed versus open devices
Antonella Bonetti, Ph.D.,a Marta Cervi, Ph.D.,b Francesco Tomei, M.D.,b Maurizio Marchini, Ph.D.,a
Fulvia Ortolani, Ph.D.,a and Massimo Manno, M.Sc.b
a Department of Medical Morphological Research, Medical School, University of Udine, Udine; and b Pathophysiology Unit of
Human Reproduction and Sperm Bank, Pordenone Hospital, Pordenone, Italy
Objective: To compare the ultrastructural appearance of oocytes after vitrification and warming with two different
devices.
Design: Oocytes were examined by ultrastructural analysis after vitrification and warming with use of closed (Cry-
oTip; Irvine Scientific, Santa Ana, CA) or open (Cryotop; Kitazato BioPharma Co., Ltd., Shizuoka, Japan) devices.
Setting: Pordenone Hospital IVF Unit and Medical Morphological Research Department, University of Udine.
Patient(s): Surplus oocytes from 10 patients (aged 31–39 years) undergoing assisted reproductive technologies at
the Pathophysiology Unit of Human Reproduction and Sperm Bank between 2006 and 2008.
Intervention(s): Oocytes with normal invertoscopic appearance underwent vitrification and warming with closed
(CryoTip) or open (Cryotop) devices and were processed for transmission electron microscopy.
Main OutcomeMeasure(s): Cryodamage extent and cell alterations in oocytes after open or closed vitrification and
warming procedures and their rehydration rate.
Result(s): A higher rate of complete oocyte rehydration and less-severe ultrastructural alterations were observed
after vitrification and warming with the open Cryotop device.
Conclusion(s): These preliminary data suggest that oocyte ultrastructure is better preserved with an open rather
than closed vitrification and warming protocol. (Fertil Steril 2011;95:928–35. 2011 by American Society for
Reproductive Medicine.)
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opments in fertility preservation as a tool to overcome chemother-
apy- and radiotherapy-induced sterility and age-related decline of
ovarian function (1, 2). Until recently, only slow freezing methods
were applied, resulting in poor oocyte survival, pregnancy, and
implantation rates (3–6). Despite the implementation of modified
protocols (7–9), alterations in the appearance of cytoplasm,
mitochondria, zona pellucida (ZP), meiotic spindle, and cortical
granules, along with impaired intracellular Ca2þ fluxes, have been
reported (10–19).
The advent of vitrification represents a major milestone in oocyte
cryobiology (20).With use of this procedure, improved rates of post-
warming survival, fertilization, implantation, pregnancy, and live
birth are reported (21–29).
During vitrification, different cryoprotectant solutions, exposure
times, and devices have been studied (30, 31). In particular,pril 9, 2010; revised July 16, 2010; accepted August 13, 2010;
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opyright ª2011 American Society for Reproductive Medicine, Pa mixture of strong glass-former dimethyl sulfoxide (DMSO) with
weak glass-former ethylene glycol, in combination with closed
(32, 33) or open (24, 26, 27, 29, 34, 35) devices, results in
successful vitrification procedures.
In previous animal studies, cryopreserved murine (36), porcine
(37), equine (38), and bovine (39) metaphase II (MII) oocytes
were evaluated, but only one ultrastructural characterization of vit-
rified human MII oocytes is reported (40). The aim of the present
study was to assess the efficacy of vitrification and warming proce-
dures in preserving oocyte structure, by comparing a closed device
(CryoTip; Irvine Scientific, Santa Ana, CA) versus an open one
(Cryotop; Kitazato BioPharma Co., Ltd., Shizuoka, Japan).MATERIALS AND METHODS
All patients underwent controlled ovarian stimulation with the long or antag-
onist protocol at the Pathophysiology Unit of Human Reproduction and
Sperm Bank of Pordenone between October 2006 and November 2008. Oo-
cyte retrieval by transvaginal needle aspiration was performed 36 hours after
ovulation triggering with recombinant hCG injection (250 mg, Ovitrelle;
Merk Serono Europe Ltd, London, UK). According to Italian law before
the May 13, 2009, Constitutional Court decision, a maximum of three
good-quality oocytes were used for IVF. Surplus good-quality oocytes
from 10 patients (aged 31–39 years) with tubal factor or severe male factor
(<5  106/mL spermatozoa) infertility, which would have been discarded
because of legal restrictions and patients’ refusal of clinical vitrification,
were used for the study. Informed consent allowing oocyte use for0015-0282/$36.00
ublished by Elsevier Inc. doi:10.1016/j.fertnstert.2010.08.027
TABLE 1
Clinical prognostic factors of patients supplying fresh oocytes and oocytes destined to vitrification and warming; oocyte
treatments; types of device used (CryoTip vs. Cryotop); and numbers of vitrified and warmed, survived, and completely or
partially rehydrated oocytes.
Patient
Age
(y)
AMHa
(ng/mL)
Day 3 FSHa
(mIU/mL)
FSHb
(IU) Treatment Device
Vitrified and
warmed
oocytes
Survived
oocytes
Completely
rehydrated
oocytes
Partially
rehydrated
oocytes
Fresh oocytes
1 33 2.9 6 1,650 ND
2 39 3.2 4 1,850 ND
3 34 10 3 787 ND
4 34 7 6 500 ND
5 34 1.27 6 550 D
6 32 2.8 5 2,550 D
7 33 3.4 5 1,400 D
Vitrified and warmed oocytes
1 34 5.3 4 1,150 Closed 4 3 2 1
2 33 10 3 800 Closed 4 4 3 1
3 33 4.2 4 2,200 Closed 3 3 0 3
4 34 3.8 5 2,175 Closed 6 6 3 3
5 39 2.7 2 2,550 Closed 3 1 1 0
6 32 2.1 6 2,550 Closed 5 3 1 2
Total 25 20 10 10
7 38 2.2 3 1,550 Open 4 3 2 1
8 31 3.2 7 1,725 Open 3 3 3 0
9 38 1.7 8 1,650 Open 4 3 2 1
10 34 8 5 2,250 Open 4 4 4 0
Total 15 13 11 2
Note: AMH¼ anti-M€ullerian hormone; ND¼ nondecoronized (native); D¼ decoronized (control); Closed¼ CryoTip vitrification; Open¼ Cryotop vitrification.
a Ovarian reserve tests.
b Cumulative gonadotropin dose administered.
Bonetti. Oocyte ultrastructure: CryoTip and Cryotop. Fertil Steril 2011.experimental purposes was signed by all patients. An Institutional Review
Board approval was not requested because of restrictions of the Italian law
on assisted reproduction before May 13, 2009.Oocyte Sampling, Culture, Treatment, and Microscopic
Evaluation
Four groups of oocytes were evaluated (Table 1): fresh nondecoronized na-
tive oocytes; fresh decoronized oocytes; decoronized oocytes subjected to
vitrification and warming with the closed CryoTip device (closed vitrifica-
tion); and decoronized oocytes subjected to vitrification and warming with
the open Cryotop device (open vitrification). The oocyte supply consisted
of 9 nondecoronized oocytes from four patients (aged 33–39 years); 9 de-
coronized oocytes from three patients (aged 32–34 years); 25 closed-
vitrification oocytes (20 survived after vitrification and warming) from six
patients (aged 32–39 years); and 15 open-vitrification oocytes (13 survived
after vitrification and warming) from four patients (aged 31–38 years). Ex-
cept for patient 5, three oocytes from each patient were selected for transmis-
sion electron microscopy in the closed-vitrification and open-vitrification
groups.
Within 3 hours before fixation, oocytes of all groups were recovered in
Quinn’s Advantage HTF HEPES-buffered Medium (Sage IVF, Pasadena,
CA). Decoronized, closed-vitrification, and open-vitrification oocytes addi-
tionally were subjected to enzymatic-mechanical decoronization in culture
medium with 20 IU/mL of hyaluronidase (Sigma Chemical, St. Louis,
MO) with use of 140-mm–diameter Flexipet denuding pipettes (Cook IVF,
Brisbane, Australia).Fertility and SterilityNative oocyte maturity and morphology were evaluated under stereomi-
croscope, according to Veeck’s criteria (41). Maturity and morphology of de-
coronized oocytes were evaluated with an inverted microscope (TE200,
Nikon, Tokyo, Japan) at 400. Non–good-quality oocytes showing frag-
mented or abnormal first polar body, large perivitelline space, grossly gran-
ular cytoplasm, and/or vacuoles were discarded (42). Mean ages of donors of
fresh and vitrified oocytes were comparable: 34.1  2.3 years (range 32–39
years) and 34.6 2.7 years (range 31–39 years), respectively. A single oper-
ator performed all microscopic evaluations.Vitrification
Decoronized oocyte vitrification was performed at room temperature within
approximately 3 hours after pickup. Oocytes were vitrified with the Irvine
Scientific vitrification system with use of closed devices (CryoTip). These
closed-vitrification oocytes were suspended in a drop of Quinn’s Advantage
HTF HEPES-buffered Medium; three drops of an equilibration solution con-
taining ethylene glycol (7.5% vol/vol) and DMSO (7.5% vol/vol), for 2, 2,
and 3 minutes, respectively; and three drops of vitrification solution contain-
ing 15% vol/vol ethylene glycol, 15% vol/vol DMSO, and 0.5 mol/L sucrose,
for 5, 5, and 10 seconds, respectively. Then, closed-vitrification oocytes were
transferred to the top of a fourth drop of the same vitrification solution and
loaded into CryoTip devices. Finally, these devices were thermosealed and
plunged into liquid nitrogen within 90 seconds. Open-vitrification oocytes
were vitrified according to the same protocol and placed on Cryotop sheets
under stereomicroscopic control. The Cryotop sheets were plunged quickly
into liquid nitrogen and covered by their cap. Cryotop devices then were
placed in plastic tubes and stored in liquid nitrogen cryotanks. Both open-929
vitrification and closed-vitrification oocyte warming was delayed at least 1
month from vitrification.
Warming
Oocytes were warmed at fast warming rates with a thawing kit (Irvine Scien-
tific). CryoTip devices were cut at their end and oocytes discharged into
a thawing solution with 1 mol/L sucrose at 37C; Cryotop devices were
placed directly in the same solution for 1 minute at the same temperature.
Warmed oocytes were transferred to two drops of diluent solution containing
0.5 mol/L sucrose for 2 minutes and then incubated in Quinn’s Advantage
HTF Fertilization Medium (Sage IVF) in a CO2 incubator for 2 hours. The
rehydration level was evaluated by inverted microscopy, measuring the
greater perivitelline space width by Cronus 3.1 (Cronus 3 RI Ltd, Falmouth,
Cornwall, UK). Nonrehydrated oocytes (perivitelline space>30 mm) and de-
generated or lysated oocytes were discarded. Partially rehydrated (perivitel-
line space between 10 and 30 mm) and completely rehydrated (perivitelline
space %10 mm) oocytes were fixed for transmission electron microscopy
processing.
Transmission Electron Microscopy
Oocytes were fixed with 4% glutaraldehyde in Quinn’s Advantage HTF
HEPES-buffered Medium, postfixed with 2% osmium tetroxide (Agar Scien-
tific Ltd, Essex, England) in 0.1 mol/L phosphate buffer, dehydrated with
graded ethanols, and embedded in Epon 812 resin. Semithin sections were
stained with 1% toluidine blue (Carlo Erba Reagenti, Milan, Italy) in distilled
water. Thin sections were collected on formvar-coated 2-  1-mm–slot cop-
per grids and contrasted with uranyl acetate and lead citrate. Observations
and photographic recordings were performed with use of Zeiss AxioImager
photomicroscope (Carl Zeiss MicroImaging GmbH, Go¨ttingen, Germany)
and Philips CM12/STEM electron microscope (Philips Scientifics, Eind-
hoven, the Netherlands).
RESULTS
Table 1 reports clinical prognostic factors of patients supplying fresh
or vitrified oocytes, respectively. Table 1 also shows that both fresh
nondecoronized and decoronized oocytes were studied. Fresh
decoronized and nondecoronized oocytes were used as controls to
evaluate vitrification-warming-related and decoronization-related
ultrastructural changes, respectively. Patient recruitment was per-
formed tominimize intragroup and intergroup heterogeneity in terms
of clinical prognostic factors (Table 1). In addition, vitrification-
related outcomes are summarized for the two procedures used.
Fresh Oocyte Structure
In semithin sections, decoronized oocytes exhibited normal features.
They showed round shape, undisrupted pale ZP, uniformly distrib-
uted microvilli, and homogeneously textured ooplasm (Fig. 1B).
Ultrastructurally (Fig. 2B), the most apparent peripheral features
were ZP consisting of an approximately 20-mm–thick meshwork of
thin filaments, short perivitelline space, sinuous microvilli, oolem-
mal coated pits, sporadic coated vesicles, electron-dense cortical
granules, and occasionally, electron-lucent cortical granules. Con-
sistently with oocyte phenotype, cytoplasm was occupied homoge-
neously by irregularly dilated vesicles of smooth endoplasmic
reticulum (SER), whereas narrow SER tubules were confined within
cortical areas encircled by mitochondria, forming peculiar mito-
chondria-SER aggregates. These mitochondria, as well as those in-
terspersed throughout the ooplasm, showed a very electron-dense
matrix and sharp cristae. Occasionally, Golgi apparatuses and mei-
otic spindles were observed. Except for slightly lower electron den-
sity of cortical granule content and mitochondrial matrix,
nondecoronized oocytes (Figs. 1A and 2A) showed morphologic
features resembling those of decoronized oocytes.930 Bonetti et al. Oocyte ultrastructure: CryoTip and CryotoVitrified and Warmed Oocyte Structure
Closed-vitrification oocytes Oocytes from three of six patients
showed dramatic cryoinjury. Namely, in all oocytes from patients
1, 3, and 6, ooplasmic vacuolization was appreciable even on semi-
thin sections (Fig. 1C). On thin-section examination, a large number
of variably sized intraooplasmic holes lined by membrane residues
were observed (Fig. 2C). The widest holes were usually flanked
by numerous smaller ones and were present within a 10- to 15-
mm–thick cortical layer. Moreover, such a region lacked organelles
because of their inward displacement. In the inner ooplasm, cluster-
ing of displaced organelles was apparent with [1] mitochondria
exhibiting prominent matrix fragmentation and dissolution, cristae
disappearance, and membrane budding and disintegration; [2] SER
vesicles increased in number and wideness; and [3] electron-dense
or electron-lucent cortical granules (Fig. 3B). At the oocyte surface
(Fig. 3A), most microvilli retained a well-preserved oolemma,
although they were withered, more electron dense, or disrupted.
Focally, nonmicrovillar oolemma appeared to have undergone de-
generation with reduction or deformation of coated pits. For all
cryodamaged oocytes, the inner portion of ZP showed an increased
texture density in contrast with a rarefied outer portion that also was
exfoliated into lamellar substructures, causing overall ZP thicken-
ing. As an exception, an actual ZP ‘‘hardening’’ was noticed for
one oocyte from patient 6, which almost halved the ZP thickness
(not shown). Conversely, all closed-vitrification oocytes from pa-
tients 2, 4, and 5 exhibited features (Figs. 1D, 2D, 3C, and 3D)
comparable with those of decoronized oocytes (Figs. 1B and 2B),
although electron-lucent cortical granules were not sporadic as for
fresh oocytes.
Open-vitrification oocytes Most examined open-vitrification oo-
cytes (Figs. 1F, 2F, 3G, and 3H) showed features comparable with
those of preserved closed-vitrification oocytes (Figs. 1D and 2D).
Nevertheless, in two of these (supplied by patients 7 and 9), cryo-
damage was observed, even if less pronounced than in cryodamaged
closed-vitrification oocytes, showing barely perceivable vacuoliza-
tion on semithin sections (Fig. 1E). Ultrastructurally (Figs. 2E, 3E,
and 3F), the ooplasm of these two oocytes displayed a cortex contain-
ing small holes and sporadic wider holes with or without outlining
membrane. Despite such vacuolization, several cortical organelles
retained their peripheral location, including a number of cortical
granuleswith electron-lucent, amorphous content and others opening
into the perivitelline space. Several mitochondria showed cryodam-
age, although it was less than that of cryodamaged closed-
vitrification oocytes. Mitochondria-SER aggregates were sporadic
or absent, but there was an increase in swollen SER vesicles. At the
oocyte surface, the only apparent change was a reduced number of
coated pits. Finally, a mild increase in density of the ZP inner portion
was detectable, without ZP ‘‘hardening’’ or thickening-exfoliation.DISCUSSION
The aim of this study was to assess the effectiveness of two different
vitrification and warming procedures in preserving oocyte structure.
Different procedure-dependent cryodamages were observed with
use of closed CryoTip or open Cryotop devices. Moreover, ultra-
structural analysis provided detailed information on the manner by
which cryodamage affects oocyte substructures.
Previous studies showed that the degree of oocyte alteration is
proportional to number and size of cytoplasmic holes, correspond-
ing to ice crystals associated with defective cryopreservation
(43–45). Accordingly, the presence of numerous, heterogeneousp Vol. 95, No. 3, March 1, 2011
FIGURE 1
Semithin sections of fresh nondecoronized oocyte (ND) (A), fresh decoronized oocyte (D) (B), cryodamaged CryoTip-vitrified and warmed
oocyte (CV) (C), preserved CryoTip-vitrified and warmed oocyte (CV) (D), cryodamaged Cryotop-vitrified and warmed oocyte (OV) (E), and
preserved Cryotop-vitrified and warmed oocyte (OV) (F). Arrows, intracytoplasmic holes/vacuoles; counterposed arrowheads, cortical
ooplasm layer lacking in organelles. Bar ¼ 1 mm.
Bonetti. Oocyte ultrastructure: CryoTip and Cryotop. Fertil Steril 2011.holes within the outer ooplasm of cryodamaged closed-vitrification
oocytes suggests that the most severe vitrification-associated alter-
ations can result from a defective use of the closed procedure.
This vacuolization clearly caused a concomitant inward displace-
ment of most cortical organelles, including mitochondria,
mitochondria-SER aggregates, and cortical granules. Conversely,
partial persistence of cortical organelles at their native location
was associated with minor vacuolization in cryodamaged open-
vitrification oocytes.
In addition to the ice-derived intraooplasmic holes, the coexistence
of partially membrane-coated holes suggests swelling and rupture of
cryodamaged organelles as a contributing factor in the vacuolization
process. The degenerative alterations observed in several mitochon-
dria support such a possibility. Further expression of cryoinducedFertility and Sterilityswelling of organelles was the appearance of wide SER-derived ves-
icles that was counterbalanced by the decrease in the number of nar-
row SER tubules, suggesting that these vesicles result from tubule
enlargement.Considering that swellingof SERvesicles can culminate
in membrane rupture, it is likely that intracytoplasmic Ca2þ leakage
could also occur. Because of the pivotal role of mitochondria and
SER in the regulation of intracellular Ca2þ fluxes at oocyte fertiliza-
tion (46, 47), any damage affecting these organelles might
compromise oocyte developmental competence.
Another unavoidable drawback of the vitrification and warming
process affecting oocytes, independently from the used device,
is premature exocytosis by cortical granules and subsequent ZP
‘‘hardening,’’ as previously shown after cryoprotection with
DMSO (18, 48). Consistently, electron-dense and electron-lucent931
FIGURE 2
Thin sections of fresh nondecoronized oocyte (A), fresh decoronized oocyte (B), cryodamaged closed-vitrification oocyte (C), preserved
closed-vitrification oocyte (D), cryodamaged open-vitrification oocyte (E), and preserved open-vitrification oocyte (F). ZP ¼ zona pellucida.
Black arrows, cortical granules;white arrows,mitochondria; *, intracytoplasmic holes; dashed circle,mitochondria-SER aggregate. Bar¼ 3 mm.
Bonetti. Oocyte ultrastructure: CryoTip and Cryotop. Fertil Steril 2011.cortical granules were observed to coexist at sublemmal cytoplasm
of open-vitrification oocytes as resting vesicles and premature-exo-
cytosis–involved vesicles, respectively (10, 49). An analogous
abundance of preexocytotic cortical granules can be assumed for932 Bonetti et al. Oocyte ultrastructure: CryoTip and Cryotothe cryodamaged closed-vitrification oocytes, even if the
vacuolization-dependent loss of their sublemmal location and the
associated clustering of all cortical organelles in the inner ooplasm
made a clear discrimination between electron-lucent corticalp Vol. 95, No. 3, March 1, 2011
FIGURE 3
Thin sections of closed-vitrification and open-vitrification oocytes. Differently preserved microvilli (A, C, E, G) and organelles (B, D, F, H) in
cryodamaged closed-vitrification oocyte (A,B), preserved closed-vitrification oocyte (C,D), cryodamaged open-vitrification oocyte (E, F), and
preserved open-vitrification oocyte (G,H). ZP¼ zona pellucida. *, intracytoplasmic holes; black arrows,mitochondria; black arrowheads, SER
vesicles; dashed circles, mitochondria-SER aggregates. Bars ¼ 1 mm (A, B, D, E, G, H), 0.5 mm (C), and 2 mm (F).
Bonetti. Oocyte ultrastructure: CryoTip and Cryotop. Fertil Steril 2011.granules, swollen SER vesicles, and severely altered mitochondria
very difficult. The increased number of electron-lucent cortical
granules in cryodamaged oocytes compared with preserved ones im-Fertility and Sterilityplies that additional factors elicit the exocytosis-oriented cortical
granule maturation previously primed by DMSO, possibly including
the previously mentioned passive Ca2þ intracytoplasmic release.933
For both cryodamaged open-vitrification and closed-vitrification oo-
cytes, vesicles opening into the perivitelline space were observed
indeed, although genuine ZP ‘‘hardening’’ was apparent in only
one cryodamaged closed-vitrification oocyte.
A further significant parameter in evaluating oocyte potentiality
is represented by microvillar complement, because of its crucial
implication in oocyte propensity to fertilization (50). Both preserved
open-vitrification and closed-vitrification oocytes showed absent or
negligible microvillar alterations. In contrast, cryodamaged closed-
vitrification oocytes, but not cryodamaged open-vitrification ones,
showed dramatic microvillar alterations. These defects, as well as
the observed generalized degeneration of the entire oolemma, con-
firm that closed-vitrification oocytes are more exposed to cryodam-
age than are open-vitrification oocytes.
In contrast, no significant difference was noticed between the two
procedures for the coated pits, which were reduced drastically in
both cryodamaged closed-vitrification and open-vitrification oo-
cytes. At any rate, although no specific oocyte dysfunction is known
to correlate with coated-pit–related defects, it is worth noting that
such a reduction could affect oocyte functionality, because coated
pits are involved in regulated endocytosis (51).
The observed alterations seem exclusively related to the em-
ployed vitrification and warming procedures, in that [1] the studied934 Bonetti et al. Oocyte ultrastructure: CryoTip and Cryotooocytes were derived from patients characterized by homogeneous
prognostic factors, [2] only high-quality oocytes were vitrified
with use of the same protocols and solutions, and [3] there was no
significant difference between fresh nondecoronized oocytes and
decoronized ones. In particular, the reduced cryodamage observed
for open-vitrification oocytes could be related to an increased cool-
ing rate resulting from both lower specimen volume and direct con-
tact between specimen and liquid nitrogen (52, 53). Additionally,
thermosealing of the CryoTip device and/or longer time for
closed-vitrification oocyte discharge into the warming solution
may have contributed to cryodamage. Although our study, because
of the limited number of surviving oocytes examined, was not
sufficiently powered to address this issue, the different ratio of
complete to partial rehydration for open-vitrification oocytes versus
closed-vitrification ones (11:2 vs. 10:10) suggests that the open
device may provide better oocyte rehydration.
In conclusion, ultrastructural evaluations of vitrified and
warmed oocytes suggest that the open device provides better pres-
ervation of native oocyte structure than the closed one. Because
a problem related to open devices might be liquid nitrogen
cross-contamination by viruses (54), future studies should attempt
to provide the efficacy of open devices with the safety of closed
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